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Nuclear radial distance is a prerequisite for generating any alpha-decay half-life formula by taking a suitable
effective potential. We study the emission process of alpha particles from an isolated quasi-bound state generated
by an effective potential to a scattering state. The effective potential is expressed in terms of Frahn form of
potential which is exactly solvable and an analytical expression for half-life is obtained in terms of Coulomb
function, wave function and the potential. We then derive a closed form expression for the decay half-life in
terms of the parameters of the potential, Q-value of the system, mass and proton numbers of the nuclei valid for
alpha-decay as well as proton-decay. From the nature of variations of half-life as a function of radial distance,
we trace the radial independence region where decay time is almost constant. Finally by overviewing our results
and picking that particular radial distance we predict the half-lives of a series of nuclei by using the closed form
expression.
PACS numbers: 23.60.+e, 21.10.Tg, 23.50.+z
I. INTRODUCTION
The quintessential α-radioactivity has been studied by
many physicists so far and has opened doors for laying a
rigid foundation and development of nuclear physics [1–4].
Gamow was the first and foremost to apply quantum mechan-
ics to a nuclear physics problem by providing the first model
to explain α-decay and propounded that the process involves
tunneling of an α-particle through a large barrier [5]. A pro-
found knowledge of this quantum mechanical effect enables
one to obtain the Geiger-Nuttall law which relates the decay
constant of a radioactive isotope with the energy of the α par-
ticles emitted.
In other words Geiger and Nuttall were the first in giving
a kickstart in the form of a simple formula for α-decay half-
lives. Following them many analytic formulas have been put
forth such as Viola Seaborg-Sobiczewski (VS) formula [6–8],
Ni-Ren-Dong-Xu formula [9], Royer formula [10, 11], So-
biczewski Parkhomenko (SP) formula [8], and Horoi formula
[12]. A few empirical relationships were also propounded
such as the universal (UNIV) Curve [13], the Semi-empirical
formula based on fission theory (SemFIS) [13], and the uni-
fied model for α-decay and α-capture (UMADAC) [14–16].
By considering the emission process of α particles in the
transition from an isolated quasi-bound state to a scattering
state, we have given a formula (Sahu16 formula) for α-decay
half-lives[17]. In another work based on the phenomena of
resonances occurring in quantum scattering process under
Coulomb-nuclear potential, Sahu et. al. have derived a gen-
eral decay law[18]. By using this general decay law along
with a precise radius formula and an analytical expression
for preformation probability, an improved semi-empirical re-
lationship (ImSahu formula) for α-decay half-lives has been
proposed and thereby the accuracy has been improved signif-
icantly [16].
[1] swagatikabhoi66@gmail.com
It is customary to mention here that it is not our motive to
perturb the Sahu16 formula. Infact, we intend to find the half-
lives by introducing another form of potential markedly differ-
ent from the potential used in [17]. From the decay half-lives
we are interested in tracking the radial independence which
will help us in ascertaining the radial distance expression to
be used to predict the half-lives by Sahu16 formula. Thus by
following the same formalism and applying the Sahu16 for-
mula, we stress on its applicability to alpha decay as well as
proton decay.
The paper is organized as follows: In the next section we
will mention the decay half-life formula. Also we will present
the closed form expression. In section III we will move on
to the applicability of the Sahu16 formula. In section IV we
finally summarize the paper.
II. THEORETICAL FRAMEWORK
A. Decay width or half-life of α-decay
We remark that in the α-decay process the α-cluster in the
decaying nucleus is controlled by an attractive nuclear poten-
tial, VN (r) and the α-particle outside the nucleus by the point-
charge Coulomb potential given by V PC =
ZαZDe
2
r , where Zα
and ZD are the proton numbers of the α-particle and daughter
nucleus respectively and e2=1.43996 MeV fm.
In a simple picture we represent H − H0 as the differ-
ence between the potentials in the two cases viz. the nu-
clear+Coulomb potential and the point-charge Coulomb po-
tential i.e
H −H0 = {VN (r) + VC(r)} − V PC (r) = Veff (r)− V PC (r),
(1)
where Veff (r) is the effective potential and VC(r) is the
Coulomb potential given by
VC(r) =
{
ZαZDe
2
2RC
[3− ( rRC )2] if 0 < r < RC ,
ZαZDe
2
r if r > RC ,
(2)
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2where, RC is the Coulomb radius parameter having value
RC = rc(A
1/3
α + A
1/3
D ), rc = 1.2 fm which is the distance
parameter. Aα represent the mass number of α particle, AD
represent the mass number of the daughter nucleus. In our ap-
proach, we calculate the decay width by taking into account
the α-decay process where there is transition of an α-cluster
from an isolated quasi-bound state to a scattering state. The
initial system is related with the instability with the quasi-
bound state of the decaying nucleus. Along with that the final
state is the scattering state of the α+daughter system.
Now, we solve the Schro¨dinger equation using the effective
potential which is the amalgamation of the nuclear potential
VN (r) and the electrostatic potential VC(r) to get the radial
part of the initial and final state of the wave function.
The radial part of the initial state wave function is
ψnl(r) =
unl(r)
r
. (3)
Additionally, the final state wave function can be written
considering the motion of the α-particle relative to the daugh-
ter nucleus as a scattering state wave function corresponding
to the α-particle in point charge Coulomb potential [19]:
φ(r) =
√
2µ
pi~2k
Fl(r)
r
, (4)
where k =
√
2µEc.m./~, Ec.m. stands for the center-of-mass
energy, µ = mn AαADAα+AD is the reduced mass of the system
with mn giving the mass of a nucleon and Fl(r) is the reg-
ular Coulomb wave function for a given partial wave l. The
factor
√
2µ
pi~2k is a normalization factor of the scattering wave
function.
The effective potential as a function of distance can be
solved exactly for the wave function unl(r) for l = 0 which
is covered elaborately in the upcoming section. Based on
the Gell-Mann-Goldberger transformation [20], the expres-
sion for the decay width becomes
Γ =
4µ
~2k
| ∫ R
0
Fl(r) [Veff (r)− V PC (r)]unl(r)dr|2∫ R
0
|unl(r)|2dr
. (5)
For the normalization of the interior wave function the factor∫ R
0
|unl(r)|2dr is used. The resonant wave function unl(r)
decreases rapidly with distance outside the Coulomb barrier
radius R0. For this reason, we apply the box normalization
condition for the wave function
∫ R
0
|unl(r)|2dr = 1 for R ≈
R0. So, the preformation probability here is taken as 1 as the
particle has been formed already. We are quite familiar with
the relation between decay half-life T1/2 and the width:
T1/2 =
~ ln2
Γ
. (6)
By using (5), we get a new expression of T1/2
T1/2 =
0.693~3k
4µ
1
J
, (7)
J = |
∫ R
0
Fl(r) [Veff (r)− V PC (r)]unl(r)dr|2. (8)
Now, the regular Coulomb wave function Fl(r) can be ex-
pressed as [21]
Fl(r) = Alρ
l+1fl(ρ), (9)
where ρ = kr, Sommerfeld parameter η = µ~2
ZαZDe
2
k ,
fl(ρ) =
∫ ∞
0
(1− tanh2 )l+1 cos(ρ tanh − 2η) d, (10)
Al =
√
1− exp(−2piη)
2l{2piη(1 + η2)(22 + η2) . . . (l2 + η2)}1/2 . (11)
In particular, for l = 0, Al is given by
A0 =
{
1− exp(−2piη)
2piη
} 1
2
. (12)
B. The effective α+nucleus potential
The sum of the nuclear potential VN (r) and the Coulomb
potential VC(r) i.e. the effective potential mentioned in
(eqn.1) can be represented in the Frahn form of potential given
by [22]:
Veff (r) =
{
V0[S1 + (S2 − S1)ρ1] if r ≤ R0,
V0S2ρ2 if r ≥ R0, (13)
where V0 is the strength of the potential with value 1 MeV.
ρn =
1
cosh2(R0−rdn )
;n = 1, 2,
dn accounts for the flatness of the barrier, d1 deciding the
steepness of the interior side of the barrier whereas the exte-
rior side is judged by d2. R0 is the barrier radius having value;
R0 = r0(A
1/3
α + A
1/3
D ) + 2.72, r0 = 0.97 fm. Moreover S1
and S2 are the depth and height of the potential, respectively,
having values;
S1 = −78.75 + 3ZαZDe
2
2Rc
,
S2 =
ZαZDe
2
R0
(1− ag
R0
),
where ag = 1.6 fm is the distance parameter.
The potential given by (eqn.13) can generate resonance
states having a pocket inside and a barrier outside. This poten-
tial in the Schrodinger equation is solved exactly for the eigen
function.
The reduced S-wave Schro¨dinger equation for the region
r ≤ R0 is written in the dimensionless form as follows:
d2u1
dr2
+ [κ2 − k20Sρ1]u1 = 0, (14)
3where κ2 = k2 − k20S1, 2µ~2 V0 = k20 , S = S2 − S1.
The solution u1(r) in the region r ≤ R0 is given by
u1(r) = A1z
i/2κd1
1 F (a1, b1, c1, z1)+B1z
−i/2κd1
1 F (a
′
1, b
′
1, c
′
1, z
′
1),
(15)
a1 =
1
2
(λ1 + iκd1), b1 =
1
2
(1− λ1 + iκd1), c1 = 1 + iκd1,
(16)
a′1 =
1
2
(λ1 − iκd1), b′1 =
1
2
(1− λ1 − iκd1), c′1 = 1− iκd1,
(17)
λ1 =
1
2
− 1
2
[1− (2κd1)2S]1/2, (18)
where z1 = ρ1(r) and F (a, b, c, z) is the hypergeometric
function.
Using the boundary condition u1 → 0 for r → 0, we get
ρ1(r = 0) = z0, ρ1(r = 0) =
1
cosh2(R0d1 )
, (19)
Moreover, as R0 >> d1, cosh2(R0d1 ) >> 1 and ρ1(r = 0) =
z0 << 1 we can write
z0 =
1
R0/d1
=
4
(eR0/d1 + e−R0/d2)2
(20)
⇒ z0 = 22e−R0/d1(Since, e−R0/d1 << 1) (21)
Thus,
C1 = −B1
A1
= ziκd10
F (a1, b1, c1, z0)
F (a′1, b
′
1, c
′
1, z0)
, (22)
' ziκd10 , (Since, F (a, b, c, 0) = 1)
⇒ C1 = e−2iκR0+2iκd1ln2 = e−2iκ(R0−d1ln2). (23)
We make a lay out (Figs. 1(a) and (b)) to properly describe
the modulous of the resonance state wave function, |u1(r)|
and the combined nuclear and Coulomb potential, Veff (r) by
taking the α+daughter system (α+ 21482 Pb) with Q-value of de-
cay or energy E = 6.115 MeV. It is visible from the plot 1(a)
that the wave function of the resonance state decreases expo-
nentially in the barrier region having Coulomb barrier radius,
R0 = 10.0616 fm. We are very much concerned with this
particular region since the diminishing of the wave function is
observed here.
By taking the above found solution u1(r) as the wave func-
tion unl(r) for l = 0, Coulomb function Fl(r) and the effec-
tive potential Veff (r) in the formula for decay width i.e. Γ
(eqn.5) and using the Γ in (eqn.6), we calculate the half-life
and represent it as T calt.1/2 .
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FIG. 1: Various terms for explaining the α-decay rate in S-wave of
α+21482 Pb system having barrier radiusR0=10.0616 fm : (a) the mod-
ulous of the radial wave function |u1(r)| at resonance, (b) the α+
daughter potential Veff as a function of radial distance r in fm.
C. Closed form expression for decay half-life
We now consider the problem of α+nucleus system with a
specific energy value Qα, the mentioned radius R = R0, the
value of Sommerfeld parameter η and parameter ρ = kR are
such that ηρ ≤ 50 and ρ ≈ 10. In this context, we use the
same power series expansion and the expression for Coulomb
wave function F psl (r) as done in [17].
F psl (r) = Clρ
l+1Gl, (24)
(n+ 1)(n+ 2l + 2)Gn+1 = 2ηρGn − ρ2Gn−1, (25)
G0 = 1, G1 =
ηρ
(l + 1)
, Gl =
500∑
j=1
Gj , (26)
C2l =
Pl(η)
2η
C20 (η)
(2l + 1)
, (27)
Pl(η) =
2η(1 + η2)(4 + η2) . . . (l2 + η2)22l
(2l + 1)[(2l)!]2
. (28)
We find that
Fl(r) = xmF
ps
l (r), (29)
where xm ≈ 70 for α-decay and xm ≈ 5.9 for proton decay.
Therefore, instead of computing function Fl(r) using (eqn.9),
we go by the simple power series expansion of F psl multi-
plied by a factor xm = 70 for α-decay and xm = 5.9 for
4proton decay. The magnitude of this function is zero near
the origin r = 0 but increases predominantly at r = R0
whereas the resonant wave function u1(r) is very small be-
yond r = R0. Hence, the integral J (eqn.8) can be written
in terms of Fl(r) = xmF
ps
l (r) at a point r = R = R0 along
with some multiplying factor which take care of the other con-
tributions within the region 0 < r < R.
The integral J now changes to
J = |cfFl(R)|2 = |cfxmF psl (R)|2, (30)
The value of cf can now be written as
cf =
√
J
|xmF psl (R)|
. (31)
The decay half-life T1/2 in logarithmic form can be written
as
log(T1/2) = aχ+ c+ d+ bl, (32)
where the parameters,
a = 0.9889, (33)
χ = ZαZD
√
AαAD
(Aα +AD)Qα
, (34)
c = −2logS;S = cfxmRGlAαAD
√
ZαZD
Aα +AD
, (35)
d = −45.2631, (36)
bl = log(ql), ql =
2η(2l + 1)
Pl(η)ρ2l
. (37)
The expression (eqn.32) is some what similar to the Viola-
Seaborg relation [6, 23] but the difference is that in the present
case the parameters and coefficients namely a, c, d, bl are well
defined [17].
III. RESULTS AND DISCUSSIONS:
In our present calculation of α-decay half-lives, we take
the exactly solvable potential as described in (eqn.13) and de-
note it as the effective Coulomb-nuclear potential Veff for the
α+nucleus system and change only the steepness of the in-
terior side of the barrier i.e. d1 but keep d2 fixed. With the
Coulomb function Fl(r) and the wave function u1(r) at reso-
nance, we calculate the half-life T calt.1/2 by using (eqn.7).
Now we plot log10(T calt.1/2 ) as a function of r. Astonishingly
we get to know that the log10(T calt.1/2 ) values vary from infinity
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FIG. 2: Plots of (a) the modulous of the radial wave function
|u1(r)| at resonance as a function of r, (b) alpha decay half-lives
log10(T
calt.
1/2 ) (eqn.7) as a function of r for
106Te with R0=8.79 fm
and Rw showing the radial independence region having range 8.9-
21.0 fm.
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FIG. 3: Plots of (a) the modulous of the radial wave function
|u1(r)| at resonance as a function of r, (b) proton decay half-lives
log10(T
calt.
1/2 ) (eqn.7) as a function of r for
167Ir with R0=9.02 fm
and Rw showing the radial independence region having range 8.6-
10.5 fm.
to lesser values with increase in r, become constant at a par-
ticular region and finally its values decreases for larger radial
distance. To sum up, we can say that for a particular system
there is a region where log10(T calt.1/2 ) is constant and thus in
that region radial dependence is removed. Moreover, for each
system the constant stability radial region is changing a little
bit but more or less it is coming out to be in the range 8.9 fm to
21 fm. Fig. 2 shows the variation of log10(T calt.1/2 ) vs r for the
5TABLE I: The α-decay energies Qα in MeV and the experimental results of half-lives log10(T expt.1/2 )=τ
expt. in seconds [16]. The value of
the parameter d1 representing the inner steepness of the barrier and d2 is kept constant throughout i.e. d2 = 2. Logarithm of calculated
α-decay half-lives log10(T calt.1/2 )=τ
calt. in seconds using (eqn.7), logarithm of predicted α-decay half-lives log10(T pred.1/2 )=τ
pred. in seconds
using (eqn.32) with parameter fixed cf = 0.19, r0 = 0.98 for l = 0. R0 is the barrier radius in fm and Rw is the radial independence region
in fm.
Nucleus Qα (MeV) d1 τexpt. (s) τ calt. (s) τpred. (s) R0(fm) Rw(fm)
106
52 4.290 6.4152 -4.222 -4.560 -3.886 8.7918 8.9-21.0
112
54 3.330 6.2279 2.528 2.199 2.600 8.8790 8.9-21.3
114
56 3.534 4.7248 1.679 1.565 2.515 8.9073 8.9-21.5
146
62 2.528 4.9078 15.512 15.152 15.574 9.3202 8.9-21.1
148
64 3.271 6.3576 9.372 9.700 9.414 9.3439 9.2-15.0
150
66 4.351 6.4719 3.115 3.311 3.103 9.3673 9.1-15.0
154
70 5.474 6.4903 -0.355 -0.114 -0.332 9.4135 9.3-15.7
156
72 6.028 6.4981 -1.638 -1.391 -1.613 9.4363 9.2-15.2
162
76 6.767 5.0320 -2.688 -2.957 -2.525 9.5036 9.5-15.6
168
78 6.999 5.0616 -2.696 -2.886 -2.524 9.5691 9.5-15.5
190
84 7.699 5.2129 -2.595 -2.729 -2.579 9.7966 9.6-15.9
218
84 6.115 4.1634 2.269 2.229 2.760 10.0616 9.6-15.1
194
86 7.862 3.9172 -3.108 -3.158 -2.340 9.8361 9.5-15.3
218
86 7.263 4.2233 -1.455 -1.364 -0.757 10.0616 10.0-15.0
220
86 6.405 4.1213 1.746 1.911 2.425 10.0796 10.0-15.0
224
88 5.789 3.9714 5.523 5.707 6.118 10.1153 10.1-14.7
216
90 8.071 5.3465 -1.583 -1.583 -1.716 10.0435 10.1-14.3
218
90 9.849 5.7190 -6.932 -6.339 -6.250 10.0616 10.1-14.3
224
92 8.633 4.1746 -3.387 -3.279 -2.686 10.1153 10.1-14.7
232
94 6.716 2.7289 4.122 3.409 4.564 10.1855 10.2-14.2
TABLE II: The proton-decay energies Qp in MeV and the experimental results of half-lives log10(T expt.1/2 )=τ
expt. in seconds [18]. The value
of the parameter d1 representing the inner steepness of the barrier and d2 is kept constant throughout i.e. d2 = 2. Logarithm of calculated
proton-decay half-lives log10(T calt.1/2 )=τ
calt. in seconds using (eqn.7), logarithm of predicted proton-decay half-lives log10(T pred.1/2 )=τ
pred. in
seconds using (eqn.32) with parameter fixed cf = 2.8, r0 = 0.97 for l = 0. R0 is the barrier radius in fm and Rw is the radial independence
region in fm.
Nucleus Qp (MeV) d1 τexpt. (s) τ calt. (s) τpred. (s) R0(fm) Rw(fm)
157Ta 0.947 4.5600 -0.523 -0.389 0.218 8.9116 8.5-10.5
167Ir 1.086 4.6329 -5.180 -1.566 -0.970 9.0208 8.6-10.5
185Bi 1.624 4.8270 0.523 -5.092 -5.058 9.2070 8.7-10.6
171Au 1.469 4.6970 -0.959 -4.845 -4.741 9.0633 8.4-10.7
177Tl 1.180 4.6939 -0.959 -1.021 -0.930 9.1258 8.3-10.1
106Te nucleus where the radial independence region is com-
ing out to be Rw=8.9-21.0 fm for α-decay. In the same way,
for proton decay we plot the log10(T calt.1/2 ) vs r for the
167Ir nu-
cleus where the radial independence region is coming out to
be Rw=8.6-10.5 fm as shown in Fig. 3. A close observation
on Rw both for α-decay as well as proton-decay suggest that
the constancy region is more prominently wider in case of α-
decay with Rw=8.9-21.0 fm than proton decay with Rw=8.6-
10.5 fm. The radial distance where the constancy creeps on is
the region where the wavefunction u1(r) vanishes to zero. In
other words, the wave function u1(r) decreases rapidly with
distance outside the nucleus. The confinement of the wave at
6TABLE III: List of α-decay half-lives for 144 e-e nuclei. Logarithm of predicted α-decay half-lives log10(T pred.1/2 )=τ
pred. in seconds using
(eqn.32) with parameter fixed cf = 0.19, r0 = 0.98 for l = 0. The experimental results of half-lives log10(T expt.1/2 )= τ
expt. in seconds [16].
The α-decay energies Qα are in MeV.
Nucleus Qα (MeV) τexpt. (s) τpred. (s) Nucleus Qα (MeV) τexpt. (s) τpred. (s) Nucleus Qα(MeV) τexpt. (s) τpred. (s)
106
52 4.290 -4.222 -3.886 10852 3.445 0.632 0.569 11254 3.330 2.528 2.600
114
56 3.534 1.679 2.515 14662 2.528 15.512 15.574 14862 1.986 23.344 23.604
148
64 3.271 9.372 9.414 15064 2.809 13.752 13.859 15264 2.204 21.533 21.757
150
66 4.351 3.115 3.103 15266 3.726 6.933 7.100 15466 2.945 13.976 13.880
152
68 4.934 1.054 1.118 15468 4.280 4.678 4.626 15470 5.474 -.355 -0.332
156
70 4.811 2.417 2.748 15870 4.172 6.629 6.433 15672 6.028 -1.638 -1.613
158
72 5.405 0.808 0.903 16072 4.902 3.288 3.297 15874 6.613 -2.903 -2.813
160
74 6.066 -0.980 -0.893 16274 5.674 0.478 0.658 16674 4.856 4.739 4.536
162
76 6.767 -2.688 -2.525 16676 6.139 -0.539 -0.340 17076 5.539 1.904 2.119
174
76 4.872 5.342 5.423 16878 6.999 -2.696 -2.524 17078 6.708 -1.847 -1.584
174
78 6.184 0.073 0.288 17678 5.885 1.197 1.483 17878 5.573 2.722 2.841
180
78 5.240 4.301 4.436 18278 4.952 5.577 5.949 18478 4.598 7.812 8.020
188
78 4.008 12.547 12.091 19078 3.249 19.312 19.008 17480 7.233 -2.720 -2.528
176
80 6.908 -1.639 -1.498 18080 6.258 0.731 0.827 18280 5.997 1.859 1.870
184
80 5.662 3.393 3.332 18880 4.705 8.734 8.428 18682 6.470 1.081 0.817
188
82 6.109 2.436 2.251 19082 5.698 4.249 4.064 21082 3.792 16.567 16.164
190
84 7.699 -2.595 -2.579 19284 7.320 -1.480 -1.423 19484 6.987 -0.375 -0.326
196
84 6.658 0.775 0.847 19884 6.309 2.270 2.201 20084 5.981 3.794 3.589
202
84 5.701 5.144 4.872 20484 5.485 6.285 5.927 20684 5.237 7.145 7.228
208
84 5.215 7.961 7.324 21084 5.407 7.708 6.254 21284 8.954 -6.524 -6.173
214
84 7.834 -3.786 -3.290 21684 6.906 -0.839 -0.328 21884 6.115 2.269 2.760
194
86 7.862 -3.108 -2.340 19686 7.617 -2.356 -1.620 19886 7.349 -1.184 -0.783
200
86 7.043 -0.009 0.241 20286 6.774 1.095 1.201 20686 6.384 2.732 2.696
208
86 6.261 3.372 3.189 21086 6.159 3.954 3.606 21286 6.385 3.157 2.612
218
86 7.263 -1.455 -0.757 22086 6.405 1.746 2.425 22286 5.590 5.519 6.158
204
88 7.636 -1.244 -0.992 20688 7.415 -0.620 -0.294 20888 7.273 0.136 0.163
210
88 7.152 0.568 0.562 21288 7.032 1.185 0.968 21488 7.273 0.392 0.084
220
88 7.592 -1.740 -1.059 22288 6.679 1.572 2.183 22488 5.789 5.523 6.118
226
88 4.871 10.731 11.336 21090 8.053 -2.046 -1.583 21690 8.071 -1.583 -1.716
218
90 9.849 -6.932 -6.250 22290 8.127 -2.640 -1.960 22490 7.298 0.124 0.695
226
90 6.451 3.385 3.971 22890 5.520 7.915 8.480 23090 4.770 12.494 13.088
232
90 4.082 17.752 18.441 22492 8.633 -3.387 -2.686 22692 7.715 -0.385 0.057
228
92 6.803 2.905 3.370 23092 5.993 6.426 6.975 23292 5.414 9.504 10.060
234
92 4.860 13.036 13.543 23692 4.573 14.999 15.592 23892 4.270 17.252 17.987
230
94 7.180 2.100 2.726 23294 6.716 4.122 4.564 23494 6.310 5.888 6.346
236
94 5.867 8.116 8.517 23894 5.593 9.591 9.985 24094 5.256 11.454 11.963
242
94 4.985 13.187 13.700 24494 4.666 15.502 15.952 23896 6.620 5.510 5.802
240
96 6.398 6.517 6.788 24296 6.216 7.278 7.635 24496 5.902 8.871 9.214
246
96 5.475 11.262 11.599 24896 5.162 13.166 13.537 24098 7.719 1.990 2.272
244
98 7.329 3.342 3.664 24698 6.862 5.210 5.538 24898 6.361 7.557 7.794
250
98 6.128 8.699 8.929 25298 6.217 8.010 8.452 25498 5.926 9.308 9.942
246
100 8.374 0.172 0.780 248100 8.002 1.687 1.982 250100 7.556 3.380 3.557
252
100 7.153 5.037 5.113 254100 7.307 4.138 4.467 256100 7.027 5.137 5.587
252
102 8.548 0.680 0.910 256102 8.581 0.526 0.757 256104 8.926 0.319 0.441
258
104 9.190 -1.035 -0.356 260106 9.901 -1.686 -1.618 262106 9.600 -1.504 -0.846
264
108 10.591 -2.796 -2.712 266108 10.346 -2.638 -2.148 270108 9.050 0.556 1.349
270
110 11.120 -4.000 -3.366 286114 10.350 -0.699 -0.432 288114 10.072 -0.180 0.285
290
116 10.990 -1.824 -1.437 292116 10.774 -1.745 -0.932 294118 11.820 -3.161 -2.767
7TABLE IV: List of α-decay half-lives for 112 e-o nuclei. Logarithm of predicted α-decay half-lives log10(T pred.1/2 )=τ
pred. in seconds us-
ing (eqn.32) with parameter fixed cf = 0.19, r0 = 0.98 for l = 0, cf = 0.02 for l > 0. The experimental results of half-lives
log10(T
expt.
1/2 )=τ
expt. in seconds [16]. The α-decay energies Qα are in MeV.
Nucleus Qα (MeV) l τexpt. (s) τpred. (s) Nucleus Qα (MeV) l τexpt. (s) τpred. (s) Nucleus Qα (MeV) l τexpt. (s) τpred. (s)
105
52 4.889 0 -6.208 -6.277 10752 4.008 0 -2.354 -2.572 10954 4.217 2 -1.731 -0.961
147
62 2.311 0 18.528 18.438 15164 2.653 0 15.127 15.621 15166 4.180 0 4.283 4.096
153
66 3.559 0 8.389 8.344 15368 4.802 0 1.845 1.756 15568 4.118 0 6.160 5.622
155
70 5.338 0 0.304 0.241 15770 4.621 0 3.888 3.753 15772 5.880 0 -0.932 -1.062
159
74 6.450 0 -2.086 -2.275 16574 5.029 2 3.407 5.090 16176 7.066 0 -3.167 -3.463
167
76 5.980 0 0.225 0.273 16976 5.716 0 1.514 1.347 17376 5.055 0 5.028 4.445
167
78 7.160 0 -3.108 -3.019 16978 6.858 0 -2.156 -2.077 17178 6.610 0 -1.348 -1.256
173
78 6.350 0 -0.337 -0.336 17578 6.178 2 1.733 1.739 17778 5.643 0 2.326 2.533
181
78 5.150 0 4.865 4.889 18378 4.823 0 6.609 6.672 17380 7.378 0 -3.155 -2.962
175
80 7.043 0 -1.966 -1.933 17780 6.736 2 -0.928 0.517 17980 6.340 0 0.297 0.519
183
80 6.039 0 1.932 1.679 18580 5.774 0 2.928 2.805 19182 5.450 0 5.788 5.267
187
84 7.979 2 -0.854 -1.930 18984 7.701 2 -1.359 -1.148 19184 7.501 0 -0.831 -1.987
195
84 6.746 0 0.791 0.530 19784 6.412 0 2.086 1.795 19984 6.074 0 3.437 3.189
201
84 5.799 0 4.759 4.415 20584 5.324 0 7.195 6.765 20784 5.216 0 7.998 7.332
209
84 4.979 2 10.213 10.118 21184 7.595 5 -.283 -0.849 21384 8.536 0 -5.429 -5.175
195
86 7.690 0 -2.221 -1.833 19786 7.411 0 -1.268 -0.974 19986 7.140 0 -0.202 -0.087
201
86 6.861 0 0.959 0.888 20186 6.630 0 1.837 1.769 20786 6.251 0 3.422 3.246
209
86 6.156 0 4.010 3.633 21186 5.965 2 5.752 5.901 21386 8.244 5 -1.702 -2.017
215
86 8.839 0 -5.638 -5.245 21986 6.946 2 .698 1.763 22186 6.148 2 3.979 4.939
203
88 7.730 0 -1.509 -1.276 20588 7.490 0 -0.678 -0.530 20988 7.140 0 0.675 0.618
211
88 7.043 0 1.150 0.941 21188 6.861 2 2.658 3.042 21588 8.864 5 -2.810 -2.969
217
88 9.161 0 -5.796 -5.353 21988 8.138 2 -1.484 -1.297 22188 6.884 2 1.942 2.823
211
90 7.942 0 -1.432 -1.259 21390 7.837 0 -0.842 -0.958 21590 7.665 2 0.477 0.983
217
90 9.433 5 -3.577 -3.697 21990 9.510 0 -5.979 -5.514 22190 8.628 2 -2.353 -1.949
223
90 7.567 2 1.778 1.202 22590 6.920 2 3.810 3.495 22790 6.146 2 6.824 6.747
217
94 8.160 0 -1.796 -0.467 21992 9.940 5 -4.377 -4.221 22392 8.941 0 -4.260 -3.495
225
92 8.014 0 -1.080 -.889 23594 4.678 1 17.668 17.560 23994 5.245 3 15.404 13.456
241
94 5.140 2 15.712 14.112 24196 6.185 3 11.276 9.199 24396 6.169 2 10.784 9.271
245
96 5.622 2 13.661 12.170 24796 5.354 1 15.552 13.903 24998 6.296 1 11.653 9.674
251
98 6.177 5 12.037 10.327 251100 7.425 1 7.849 5.617 253100 7.199 5 8.210 6.541
255
100 7.240 4 8.014 6.179 257100 6.864 2 9.175 7.685 263104 8.250 0 3.301 2.513
259
106 9.804 0 -0.492 -1.353 261106 9.714 0 -0.638 -1.140 269106 8.700 0 2.079 1.717
271
106 8.670 0 2.219 1.789 265108 10.470 0 -2.699 -2.436 267108 10.037 0 -1.187 -1.384
273
108 9.730 0 -0.119 -0.645 267110 11.780 0 -5.553 -4.723 269110 11.509 0 -3.747 -4.191
271
110 10.899 0 -2.639 -2.880 273110 11.370 0 -3.770 -3.945 277110 10.720 0 -2.222 -2.535
281
110 9.320 0 2.125 1.122 281112 10.460 0 -1.000 -1.309 285112 9.320 0 1.447 1.788
287
114 10.170 0 -0.319 0.032 289114 9.980 0 0.279 0.526 291116 10.890 0 -1.721 -1.206
293
116 10.680 0 -1.276 -0.708
resonance energy is the significance of molecular state with
large amplitude inside and small or negligible amplitude out-
side the barrier. Thus the radial dependence restriction is re-
moved and we have a solid proof that for a particular system
there is a region where log(T1/2) is remaining constant.
Since radial constancy is proved we henceforth take the R0
value for calculation of half-lives for a chain of nuclei. To
do that, we condense the integral J given by (eqn.8) and write
in terms of cf , xm and F
ps
l as mentioned in (eqn.30). Our
analysis show that for different nuclei the values of cf comes
8TABLE V: List of α-decay half-lives for 84 o-e nuclei. Logarithm of predicted α-decay half-lives log10(T pred.1/2 )=τ
pred. in seconds us-
ing (eqn.32) with parameter fixed cf = 0.19, r0 = 0.98 for l = 0, cf = 0.02 for l > 0. The experimental results of half-lives
log10(T
expt.
1/2 )=τ
expt. in seconds [16]. The α-decay energies Qα are in MeV.
Nucleus Qα (MeV) l τexpt. (s) τpred. (s) Nucleus Qα (MeV) l τexpt. (s) τpred. (s) Nucleus Qα (MeV) l τexpt. (s) τpred. (s)
111
53 3.275 0 3.453 2.321 14763 2.991 0 10.976 11.269 14965 4.078 2 4.948 5.632
151
65 3.496 2 8.848 9.684 15369 5.248 0 0.211 0.164 16977 6.141 0 0.008 0.069
177
77 5.130 0 4.699 4.524 17379 6.836 0 -1.575 -1.636 18379 5.752 0 3.413 2.446
183
79 5.466 0 3.899 3.779 18579 5.180 0 4.992 5.200 17781 7.067 0 -1.608 -1.623
179
81 6.718 0 -0.638 -0.449 18783 7.779 5 -0.374 -1.457 18983 7.270 5 -0.046 0.093
193
83 6.304 5 4.849 3.583 19583 5.832 5 6.831 5.620 21183 6.750 5 2.187 1.593
213
83 5.988 5 5.145 4.656 19783 7.100 0 -0.411 -1.175 19985 6.777 0 0.886 0.795
201
85 6.473 0 2.148 1.946 20385 6.210 0 3.216 3.012 20585 6.020 0 4.208 3.822
207
85 5.872 0 4.879 4.476 20985 5.757 0 5.677 4.998 21185 5.982 0 4.793 3.914
213
85 9.254 0 -6.903 -6.529 21585 8.178 0 -4.000 -3.895 21785 7.201 0 -1.490 -0.947
219
85 6.324 0 1.761 2.320 20187 7.516 0 -1.161 -0.966 20387 7.260 0 -0.238 -0.139
205
87 7.055 0 0.593 0.554 20787 6.900 0 1.193 1.094 20987 6.777 0 1.754 1.532
211
87 6.663 0 2.330 1.948 21387 6.905 0 1.542 0.996 21587 9.540 0 -7.066 -6.521
217
87 8.469 0 -4.721 -3.971 21987 7.449 0 -1.694 -0.982 22187 6.458 2 2.547 4.070
223
87 5.562 4 7.530 8.325 20989 7.725 0 -1.009 -0.945 21189 7.620 0 -0.678 -0.634
213
89 7.501 0 -0.132 -0.268 21589 7.746 0 -0.767 -1.090 21789 9.832 0 -7.161 -6.524
219
89 8.830 0 -4.928 -4.219 22189 7.783 4 -1.117 0.198 22389 6.783 2 2.609 3.620
225
89 5.935 2 6.232 7.300 22789 5.042 0 11.019 10.777 21391 8.390 0 -2.276 -2.231
215
91 8.240 0 -1.854 -1.824 21791 8.489 0 -2.439 -2.563 21991 10.080 0 -7.276 -6.432
225
91 7.380 2 0.385 2.222 22791 6.580 0 3.731 3.861 23191 5.150 0 12.973 11.133
235
93 5.195 1 13.943 13.455 23793 4.958 1 15.452 14.974 23995 5.922 1 11.113 10.259
241
95 5.638 1 12.567 11.779 24395 5.439 1 13.986 12.912 24397 6.874 2 7.848 6.497
245
97 6.455 2 9.362 8.335 24997 5.525 2 13.610 13.200 24399 8.072 0 2.517 1.416
245
99 7.909 3 3.519 3.320 255103 8.556 4 3.095 2.654 257103 9.010 0 0.688 -0.183
257
105 9.206 0 0.389 -0.033 259105 9.620 0 -0.292 -1.207 263105 8.830 0 2.798 1.012
261
107 10.500 0 -1.899 -2.781 267107 9.230 0 1.230 0.487 275109 10.480 0 -1.699 -2.258
279
111 10.530 0 -1.046 -1.782 283113 10.480 0 -1.000 -1.057 285113 10.010 0 0.623 0.152
287
115 10.760 0 -1.432 -1.158 289115 10.520 0 -0.658 -0.579 293117 11.180 0 -1.854 -1.611
out to be in the range 0.139 to 0.37 for α-decay and in the
range 2.52 to 4.56 for proton-decay for l = 0. For α-decay
half-life calculation, we take cf=0.19 for l = 0 and cf=0.02
for l > 0 and for proton-decay half-life calculation, we take
cf=2.8 for l = 0 and cf=0.45 for l > 0 to maintain unifor-
mity in all sets of nuclei. Furthermore, using this cf , we es-
timate the values of T1/2 by using the closed form expression
(eqn.32) for the decimal logarithm of half-life and represent
it as log10(T
(pred.)
1/2 ) = log(T
pred.
1/2 )/2.30258. The Q values,
the corresponding d1 determining the steepness of the inner
side of the barrier, the experimental half-lives log10(T
expt.
1/2 ),
the calculated half-lives log10(T calt.1/2 ), the predicted half-lives
log10(T
pred.
1/2 ), the barrier radius R0 and the Rw values have
been shown for a series of systems in Table I for α-decay and
in Table II for proton decay. Analyzing the constancy region
Rw for all the systems mentioned in Table I, it is seen that
for the case of α-decay the radial independence starts from
(R0+0.04) to near about 20 fm when r0=0.97. To overcome
this problem, we take the r0 value to be 0.98 instead of 0.97
so as to make R0 fall in the constancy region Rw for all the
systems and then predict the half-lives. But for the case of
proton-decay we go with r0=0.97 as in all the systems consid-
ered in Table II, R0 values come in the range of Rw.
We then compare the experimental α-decay results
log10(T
expt.
1/2 ) and predicted log10(T1/2) values i.e
log10(T
pred.
1/2 ) (eqn.32) and present systematically in Ta-
ble III, IV, V and VI for 144 e-e nuclei, 112 e-o nuclei, 84
o-e nuclei and 80 o-o nuclei respectively by taking cf=0.19
for l = 0 and cf=0.02 for l > 0 cases. For a large assemblage
of nuclei starting from Z=52 to 118, we write the log10(T1/2)
values viz. log10(T
expt.
1/2 ), log10(T
pred.
1/2 ).
As we know the quest for synthesizing superheavy elements
9TABLE VI: List of α-decay half-lives for 80 o-o nuclei. Logarithm of predicted α-decay half-lives log10(T pred.1/2 )=τ
pred. in seconds using
(eqn.32) with parameter fixed cf = 0.19, r0 = 0.98 for l = 0, cf = 0.02 for l > 0. The experimental results of half-lives log10(T expt.1/2 )=
τexpt. in seconds [16]. The α-decay energies Qα are in MeV.
Nucleus Qα (MeV) l τexpt. (s) τpred. (s) Nucleus Qα(MeV) l τexpt. (s) τpred. (s) Nucleus Qα(MeV) l τexpt. (s) τpred. (s)
110
53 3.580 0 0.582 0.349 11253 2.990 0 5.455 4.443 11455 3.351 0 3.501 3.098
148
63 2.692 0 14.719 14.407 15267 4.507 0 3.130 2.771 15467 4.041 0 6.570 5.529
154
69 5.094 0 1.176 0.852 15669 4.345 0 5.117 4.789 15871 4.790 0 3.066 3.373
162
73 5.007 5 3.683 5.130 16075 6.697 2 -2.255 -1.249 16275 6.270 0 -0.957 -1.231
166
77 6.724 0 -1.947 -2.011 17078 7.177 0 -2.579 -3.114 17279 6.923 0 -1.658 -1.914
174
79 6.699 0 -0.811 -1.178 18279 5.526 0 4.759 3.504 18281 6.550 0 1.860 0.124
212
83 6.207 5 4.571 3.720 21483 5.621 5 7.163 6.365 19685 7.198 0 -0.385 -0.662
198
85 6.893 0 0.626 0.381 20085 6.596 0 1.878 1.472 20285 6.354 0 2.697 2.418
204
85 6.070 0 4.151 3.611 20885 5.751 0 6.044 5.041 21085 5.631 2 7.741 7.040
212
85 7.817 5 -0.423 -1.150 21485 8.987 0 -6.249 -5.932 21685 7.950 0 -3.512 -3.268
218
85 6.874 0 1.620 0.188 20087 7.621 0 -1.310 -1.289 20287 7.389 0 -0.429 -0.562
204
87 7.171 0 0.434 0.156 20687 6.923 0 1.280 1.022 20887 6.772 0 1.822 1.564
210
87 6.672 2 2.429 3.351 21287 6.529 2 4.106 3.897 21487 8.589 5 -2.270 -2.599
216
87 9.174 0 -6.133 -5.711 21887 8.014 0 -2.964 -2.717 22087 6.801 1 1.620 2.876
206
89 7.945 0 -1.658 -1.589 20889 7.730 0 -1.018 -0.948 21089 7.607 0 -0.456 -0.578
212
89 7.159 0 -0.018 0.930 21489 7.352 2 1.232 1.643 21689 9.235 5 -3.311 -3.551
218
89 9.380 0 -5.967 -5.537 22289 7.137 0 0.730 0.879 22489 6.327 1 5.722 5.657
212
91 8.429 0 -2.292 -2.329 21691 8.097 0 -0.449 -1.411 22691 6.987 0 2.454 2.236
230
91 5.439 2 11.308 10.850 25499 6.616 1 10.424 8.552 256101 7.856 4 6.710 4.234
256
105 9.340 0 0.359 -0.402 258105 9.500 0 0.776 -0.870 260107 10.400 0 -1.456 -2.530
264
107 9.960 0 -0.357 -1.483 266107 9.430 0 0.230 -0.076 270107 9.060 0 1.785 0.956
272
107 9.310 0 1.000 0.194 274107 8.930 0 1.732 1.304 268109 10.670 0 -1.678 -2.628
274
109 10.200 0 -0.357 -1.552 276109 10.030 0 -0.347 -1.139 278109 9.580 0 0.653 0.054
272
111 11.197 0 -2.420 -3.254 274111 11.480 0 -2.194 -3.890 278111 10.850 0 -2.377 -2.536
280
111 9.910 0 0.663 -0.194 278113 11.850 0 -3.620 -4.118 182113 10.780 0 -1.155 -0.400
284
113 10.120 0 -0.041 -0.133 286113 9.790 0 0.978 0.750 288115 10.630 0 -1.060 -0.846
290
115 10.410 0 -0.187 -0.307 294117 11.070 0 -1.097 -1.361
TABLE VII: The Qα represent the α-decay energies in MeV
and the experimental results of half-lives log10(T expt.1/2 )=τ
expt.
in seconds [24]. Logarithm of predicted α-decay half-lives
log10(T
pred.
1/2 )=τ
pred. in seconds using (eqn.32) with parameter
fixed cf = 0.19, r0 = 0.98 for l = 0 of chain1 and chain2
Nucleus Qα (MeV) τexpt. (s) τpred. (s)
chain1 286Fl→282 Cn 10.35 -0.699 -0.432
chain1 290Lv →286 Fl 11.0 -2.081 -1.460
chain1 294118→290 Lv 11.82 -3.161 -2.767
chain2 288Fl→284 Cn 10.07 -0.180 0.290
chain2 292Lv →288 Fl 10.78 -1.886 -0.946
chain2 296118→292 Lv 11.655 -3.083 -2.428
in the laboratory is still on. Nuclei up to Z=118 has been
synthesized already [25, 26] and consistent endeavours have
been there for synthesizing Z=119,120 nuclei. Thus, there is
an acute necessity for the theoretical predictions of half-lives
and other properties of these superheavy nuclei. Table VII
presents the predicted results of α-decay half-lives for two
chains, chain1 and chain2 containing the Z=118 nucleus and
the predicted half-lives are coming close to the experimental
ones. Specifically in chain1 for the decay of 294118→ 290Lv
the log10(T
expt.
1/2 )= -3.161 s and log10(T
pred.
1/2 )= -2.767 s. Sim-
ilarly in chain2 for the decay of 296118 → 292Lv the
log10(T
expt.
1/2 )= -3.083 s and log10(T
pred.
1/2 )= -2.428 s. The
predicted α-decay half-lives for a series of nuclei with Z=119
and Z=120 are compared with the corresponding half-lives ob-
tained from Finite range droplet model (FRDM) and shown in
Table VIII. In the table the log10(T
expt.
1/2 ) and log10(T
pred.
1/2 )
values are listed for 284 ≤ A ≤ 339 for Z=119 nuclei and
287 ≤ A ≤ 316 for Z=120 nuclei yielding satisfactory re-
sults.
Also a separate list of proton-decay half-lives are shown in
Table IX by taking cf=2.8 for l = 0 and cf=0.45 for l > 0.
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TABLE VIII: The α-decay energies QFRDM in MeV and the half-lives log10(TFRDM1/2 )=τ
FRDM in seconds for Z=119 and Z=120 systems
are taken from Finite range droplet model (FRDM) [27]. Logarithm of predicted α-decay half-lives log10(T pred.1/2 )=τ
pred. in seconds using
(eqn.32) with parameter fixed cf = 0.19, r0 = 0.98 for l = 0.
Nucleus QFRDM (MeV) τFRDM (s) τpred. (s) Nucleus QFRDM (MeV) τFRDM (s) τpred. (s) Nucleus QFRDM (MeV) τFRDM (s) τpred. (s)
284
119 13.020 -4.420 -4.775 285119 13.790 -6.250 -6.148 286119 13.740 -5.810 -6.075
287
119 13.450 -5.600 -5.587 288119 13.380 -5.140 -5.475 289119 13.550 -5.790 -5.784
290
119 13.360 -5.090 -5.462 291119 13.200 -5.130 -5.186 292119 13.170 -4.710 -5.143
293
119 12.880 -4.470 -4.617 294119 12.800 -3.970 -4.476 295119 12.880 -4.490 -4.640
296
119 13.080 -4.540 -5.024 297119 12.740 -4.190 -4.395 298119 12.500 -3.340 -3.936
299
119 12.800 -4.320 -4.533 300119 13.150 -4.670 -5.197 301119 13.270 -5.250 -5.425
302
119 13.380 -5.130 -5.632 303119 13.380 -5.460 -5.643 304119 14.140 -6.550 -6.932
305
119 13.840 -6.330 -6.453 306119 13.970 -6.230 -6.678 307119 13.810 -6.290 -6.425
308
119 13.430 -5.230 -5.785 309119 13.310 -3.350 -5.584 310119 12.760 -3.880 -4.578
311
119 12.490 -3.650 -4.062 312119 12.110 -2.480 -3.296 313119 13.250 -5.220 -5.520
314
119 4.660 20.000 29.878 315119 4.130 20.000 35.493 316119 5.140 20.000 25.546
317
119 8.140 9.110 8.204 318119 7.840 10.740 9.442 319119 8.740 6.790 5.891
320
119 8.680 7.360 6.097 321119 8.710 6.920 5.976 322119 8.720 7.210 5.929
323
119 8.980 5.940 4.999 324119 9.000 6.210 4.919 325119 8.940 6.090 5.115
326
119 8.720 7.210 5.883 327119 8.550 7.520 6.496 328119 8.270 8.950 7.557
329
119 8.080 9.350 8.308 330119 6.240 18.920 17.513 331119 6.030 19.870 18.828
332
119 5.980 20.000 19.143 333119 7.820 10.480 9.353 334119 7.570 11.900 10.446
335
119 7.420 12.280 11.126 336119 7.160 13.860 12.366 337119 6.760 15.580 14.428
338
119 6.540 17.110 15.641 339119 6.360 17.820 16.681 287120 13.980 -6.070 -6.230
288
120 13.920 -7.020 -6.142 289120 13.890 -5.890 -6.103 290120 13.770 -6.750 -5.912
291
120 13.910 -5.930 -6.159 292120 13.890 -6.960 -6.137 293120 13.690 -5.510 -5.809
294
120 13.290 -5.820 -5.115 295120 13.360 -4.890 -5.252 296120 13.690 -6.590 -5.842
297
120 13.540 -5.230 -5.594 298120 13.350 -5.930 -5.268 299120 13.100 -4.370 -4.823
300
120 13.400 -6.030 -5.380 301120 13.670 -5.480 -5.864 302120 13.720 -6.630 -5.960
303
120 13.840 -5.800 -6.175 304120 13.820 -6.830 -6.152 305120 14.480 -6.940 -7.230
306
120 14.270 -7.640 -6.911 307120 14.140 -6.350 -6.713 308120 14.300 -7.700 -6.980
309
120 13.730 -5.590 -6.054 310120 13.630 -6.480 -5.893 311120 13.110 -4.390 -4.975
312
120 12.670 -4.550 -4.148 313120 12.260 -2.580 -3.332 314120 11.590 -2.120 -1.884
315
120 4.660 20.000 30.465 316120 4.160 20.000 35.779
Our findings reveal that we get a wide band of log10(T
pred.
1/2 )
ranging from decimal logarithmic values of -6.529 s to 23.604
s. By considering all the systems listed in Table III, IV, V and
VI for the α-decay half-lives the average deviation and stan-
dard deviation are found to be 0.481 and 0.653 respectively.
Similarly, for the proton-decay half-lives listed in Table IX,
the average deviation and standard deviation come out to be
0.436 and 0.590 respectively.
Now to clarify the ambiguity on the non linearity of
Geiger-Nuttall law for various α-emitters, we make a plot of
log10(T
expt.
1/2 ) and log10(T
pred.
1/2 ) as a function of V = aχ+ c
used in (eqn.32) for l = 0 and present in Fig. 4 for α-
decay and in Fig. 5 for proton-decay. To our utter surprise,
we find that the plots of log10(T
expt.
1/2 ) and log10(T
pred.
1/2 ) vs
V = aχ + c give a single straight line. This clearly indicate
that the our measured results have great accuracy. Finally we
close this section with the physical significance of R0.
The physical significance of R0 are as follows:
1. The R0 value we are considering here is coming close
to the Global formula; RB = rB(A
1/3
1 + A
1/3
2 ) + 2.72 [28],
rB = 1.07 where RB is the potential barrier radius. To il-
lustrate this, we consider one of the systems of Table I i.e.
α-decay of 14864 system. Here R0=9.34 fm, Rw is 9.2-15.0 fm
and RB=10.02 fm. Similarly in Table II for proton decay, for
the case of 167Ir system R0=9.02 fm, Rw is 8.6-10.5 fm and
RB=9.67 fm. The mentioned values indicate the closeness of
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TABLE IX: The proton-decay energiesQp in MeV and the experimental results of half-lives log10(T expt.1/2 )=τ
expt. in seconds [18]. Logarithm
of predicted proton-decay half-lives log10(T pred.1/2 )=τ
pred. in seconds using (eqn.32) with parameter fixed cf = 2.8, r0 = 0.97 for l = 0 and
cf = 0.45, r0 = 0.97 for l > 0.
Nucleus Qp (MeV) l τexpt. (s) τpred. (s) Nucleus Qp(MeV) l τexpt. (s) τpred. (s) Nucleus Qp(MeV) l τexpt. (s) τpred. (s)
105Sb 0.491 2 2.049 2.300 109I 0.819 0 -3.987 -5.661 112Cs 0.814 2 -3.301 -2.985
113Cs 0.973 2 -4.777 -5.159 117La 0.803 2 -1.628 -2.045 117La 0.954 5 -2.000 -1.395
131Eu 0.940 2 -1.749 -1.975 140Ho 1.094 3 -2.221 -2.098 141Ho 1.177 3 -2.387 -3.072
141Ho 1.256 0 -5.180 -6.148 145Tm 1.753 5 -5.409 -5.472 146Tm 1.127 5 -1.096 0.018
146Tm 1.307 5 -0.698 -1.960 147Tm 1.071 5 0.591 0.723 147Tm 1.139 2 -3.444 -2.610
150Lu 1.283 5 -1.180 -1.179 150Lu 1.317 2 -4.523 -3.923 151Lu 1.255 5 -0.896 -0.892
151Lu 1.332 2 -4.796 -4.075 155Ta 1.791 5 -4.921 -4.866 156Ta 1.028 2 -.620 0.158
156Ta 1.130 5 0.949 1.146 157Ta 0.947 0 -0.523 -0.218 160Re 1.284 2 -3.046 -2.430
161Re 1.338 5 -0.488 -0.697 161Re 1.214 0 -3.432 -3.258 164Ir 1.844 5 -3.959 -4.356
165Ir 1.546 0 -6.000 -5.951 165Ir 1.733 5 -3.469 -3.602 166Ir 1.168 2 -0.824 -0.470
166Ir 1.340 5 -0.076 -0.191 167Ir 1.086 0 -0.959 -0.970 167Ir 1.261 5 0.875 0.674
171Au 1.469 0 -4.770 -4.741 171Au 1.718 5 -2.654 -3.055 177Tl 1.180 0 -1.174 -0.930
177Tl 1.986 5 -3.347 -4.454 185Bi 1.624 0 -4.229 -5.058
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FIG. 4: Plot of α-decay half-lives log10(T expt.1/2 ) from experiments
(solid dots) and log10(T pred.1/2 ) (eqn.32) as a function of V = aχ+ c
for l = 0 state with Z=52-118.
R0 and RB .
2. The wave function at resonance is negligibly small at
r ≈ R0 which is very close to RB . For example, in Fig. 2
i.e for 106Te system the wave function diminishes at R0=8.79
fm and in Fig. 3 i.e. for 167Ir system the wave function dimin-
ishes at R0=9.02 fm. Thus, we can say that the wave function
is dying under the barrier.
3. In the radial variation of time, there is a regionRw where
log10(T
calt.
1/2 ) is remaining constant and theR0 which we have
used in our calculation is found in that region.
30 32 34 36 38 40 42 44 46
-7
-6.5
-6
-5.5
-5
-4.5
-4
-3.5
-3
-2.5
-2
-1.5
-1
-0.5
0
V(MeV-1/2)
l o
g 1
0( T
1 /
2) (
s )
FIG. 5: Plot of proton-decay half-lives log10(T expt.1/2 ) from exper-
iments (solid dots) and log10(T pred.1/2 ) (eqn.32) as a function of
V = aχ+ c for l = 0 state.
IV. SUMMARY AND CONCLUSIONS
By using the regular Coulomb function, resonant wave
function and the difference in potentials a general formula
is being put forth for the calculation of α-decay width. The
α+nucleus potential is represented by special expressions of
the potential. We have also seen that from the logarithm of
half-lives vs radial distance plot, a radial independence region
can be traced where the half-life is remaining constant. Thus
for each of the systems a radial independence region can be
tracked down and a particular radial distance falling in this
independence zone can be used in the closed form expression.
This derived formula is impeccable in predicting the α-decay
and proton-decay half-lives of any nuclei. Specifically for
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Z=118 nuclei on which many works have been carried out
recently and the predicted half-lives are coming close to
the experimental ones. Isotopes of nuclei with Z=119 and
120 whose experimental half-lives have not been found yet
have been compared with the half-lives found from FRDM.
The closed formula for the logarithm of half-life favorably
explains the half-lives ranging from 10−6s to 1022y. Also
this closed form expression curtains the dilemma over nonlin-
earity as it fairly reproduces the rectilinear alignment of the
logarithm of the experimental decay half-lives as a function
of parameter closely resembling with the Viola-Seaborg
parameter. Thus having the half-life formula with us we can
also predict the half-lives whose experimental values have not
been found till date and these predictions will certainly give
support to the experimentalists.
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